Introduction
Total knee arthroplasty (TKA) is a safe surgical procedure for pain relief and improvement of the functional limitations caused by severe arthrosis when the clinical treatment is no longer effective. However, some complications can occur. A potential complication is deep vein thrombosis (DVT). There are some risk factors for DVT: age > 60 years, obesity, oral or adhesive patch contraceptive use, hormonal replacement therapy, varicose veins, inflammatory bowel disease, history of DVT or pulmonary embolism (PE), family history of thrombosis and prolonged tourniquet during arthroplasty.
Song et al 1 performed a prospective observational study with bilateral lower limb venography in 109 patients within a week after a primary, unilateral TKA. These authors reported that the postsurgical incidence of symptomatic and asymptomatic DVT was of 4.6% and 18.3% respectively.
Basically, there are mechanical and pharmacological methods to prevent DVT.
Mechanical Methods
Early patient mobilization is the simplest and cheapest way to prevent thrombus formation. There are other mechanical methods to prevent DVT. Intermittent pneumatic compression reduces venous stasis, increases blood flow speed, and elevates the level of circulating fibrinolysins. Venous foot pump devices can simulate the physiological pumping action over the venous plexus when standing and walking, and, therefore, increase venous flow. Graduated compression stockings promote mild leg pressure and prevent blood accumulation.
However, mechanical compression is normally less efficient in reducing DVT than the pharmacological methods. Mechanical methods can be used in patients with high hemorrhage risk or combined with pharmacological methods.
Blanchard et al 2 evaluated post-TKA DVT occurrence in 108 patients submitted to a venography 8 to 12 days after surgery. A total of 60 patients were treated with lowmolecular weight heparin (LMWH) to prevent DVT, and 48 patients were submitted to mechanical prevention by intermittent pneumatic compression of the foot. A total of 47 DVTs were diagnosed, 16 (26.7%) in the LMWH group, and 31 (64.6%) in the mechanical prophylaxis group. The difference between both groups was considered highly significant (p < 0.001).
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Lachiewicz et al, 3 in a randomized, prospective study, compared two calf compression methods as thromboembolism prophylaxis after TKA: a rapid inflation, asymmetrical compression device (RIAC) and a sequential circumferential compression device (CCD). After a primary, unilateral total arthroplasty, the incidence of thrombus was of 8.4% for the RIAC group, and of 16.8% for the CCD group (p ¼ 0.03). The incidence of thrombus in bilateral TKA patients was of 4% for the RIAC group, compared with 22.7% for the CCD group (p ¼ 0.05 per knee). The authors concluded that the RIAC led to a significant reduction in thromboembolism rates. 
Pharmacological Methods
Some medical specialties attempted to create a practical clinical guide to prevent DVT. The first guide was prepared by the American College of Chest Physicians (ACCP) in 1985. This guide had two levels of recommendation. The most efficient was based on randomized clinical trials with consistent outcomes. The drugs that corresponded to these indications were warfarin, with an international normalized ratio (INR) of 2 to 3, LMWH, and fondaparinux. On the other hand, there is a concern that an INR value of 2 to 3 can be too high for orthopedic surgeries, and that the use of drugs to reach this level, regardless of the patient risk profile, could put someone with a relative low risk of DVT in an elevated risk of bleeding. 5 Moreover, there was a very small correlation between the presence of DVT and the occurrence of PE; in addition, the role of asymptomatic DVT was questioned.
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In 2012, the American Academy of Orthopedic Surgeons (AAOS) published guidelines about the prevention of DVT in patients submitted to elective hip and knee arthroplasty. These patients were reportedly in risk of hemorrhage and complications associated with bleeding. In addition to the surgical procedure, the AAOS recommended the use of pharmacological agents and/or mechanical compression devices to prevent DVT in patients with no elevated risk of thromboembolism or venous bleeding. Pharmacological prophylaxis and the use of mechanical compression devices are indicated to patients with previous history of DVT; however, in individuals with a known hemorrhagic disturbance and/or active liver disease, the AAOS suggests only the use of mechanical compression devices.
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The drugs prescribed to prevent thrombus formation or growth are called antithrombotic agents, and they consist of antiplatelet and anticoagulation agents.
Aspirin is an efficient antiplatelet agent. In 2006, Lotke and Lonner 8 published their results with aspirin combined with early mobilization, regional anesthesia and foot pumps to prevent thromboembolic events in 3,473 patients submitted to TKA. The prevalence of non-fatal PE and proximal venous thrombosis was of 0.26% and 0.2% respectively. The authors concluded that aspirin is safer and equally efficient to other chemoprophylaxis agents in the prevention of post-TKA DVT. 8 Callaghan et al, 9 in 2008, reported that the incidence of DVT in a population of low-risk TKA was of 2.6% with the prophylactic use of aspirin, early ambulation and foot pumps. In their opinion, prevention was exceedingly efficient.
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In 2010, Bozic et al 10 compared aspirin to warfarin or LMWH to prevent venous thromboembolism in TKA patients. The incidence of DVT or PE among patients treated with aspirin was of 2.3%, compared to 3.1% in patients treated with LMWH, and 4% for those treated with warfarin (p ¼ 0.0037 for aspirin versus LMWH, and p < 0.001 for aspirin versus warfarin).
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Aspirin is recommended in a 325-mg dose administered twice a day. However, a recent paper reported that treatment with 81 mg twice a day is not inferior to the previously recommended dose for venous thromboembolism prophylaxis after total arthroplasty.
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Coumarins (warfarin) are vitamin K antagonists (oral anticoagulant agents). Warfarin use has some drawbacks: long onset of action, long half-life, INR control requirement, and the interaction between coumarins and diet.
Low-molecular weight heparins are anticoagulant agents with a high antifactor Xa activity and low anti-IIa or antithrombin activity. Liu et al 12 evaluated 2 protocols for DVT prevention with 40 mg of enoxaparin by the subcutaneous route after TKA. The treatment started 12 hours after wound closure in one group of patients, and 24 hours after in the other group, and it continued for 10 to 14 days. Both regimens yielded similar results for DVT prevention, but the group starting treatment 24 hours after surgical incision closure presented safer outcomes regarding bleeding (p < 0.05).
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Arsoy et al 13 compared the use of LMWH with mechanical compression and aspirin after total hip or knee arthroplasty. They concluded that these agents reduced readmission rates, major complications and wound problems after primary total arthroplasties.
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Fondaparinux is a synthetic pentasaccharide that is a specific factor Xa inhibitor. Bauer et al, 14 in a doubleblinded study, compared subcutaneous doses of 2.5 mg of fondaparinux with 30 mg of enoxaparin administered twice a day in patients submitted to major elective knee surgeries. On the 11th day, the group treated with fondaparinux presented a significantly lower incidence of venous thromboembolism (12.5%) compared with the group that was administered enoxaparin (27.8%); this corresponded to a 55.2% risk reduction (p < 0.001), but larger, significant bleeding was noted in patients from the fondaparinux group (p ¼ 0.006).
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Rivaroxaban is a direct factor Xa inhibitor. In a randomized, double-blinded study, Lassen et al compared dosages of oral rivaroxaban of 10 mg once a day, 6 to 8 hours after surgery, with dosages of subcutaneous enoxaparin of 40 mg once a day, administered 12 hours before surgery, in 2,531 patients submitted to TKA. Major venous thromboembolism occurred in 1.0% of the patients treated with rivaroxaban, and in 2.6% of the patients who were administered enoxaparin (absolute risk reduction; 1.6%; p ¼ 0.01). Important bleeding occurred in 0.6% of the patients treated with rivaroxaban and in 0.5% of those who were administered enoxaparin.
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The Record study compared rivaroxaban to enoxaparin. Bleeding at the TKA surgical site was lower during rivaroxaban use, but it was similar in total hip arthroplasties.
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Dabigatran is a direct thrombin inhibitor. The recommended dose is 110 mg, 1 to 4 hours after TKA; then, 110 mg, twice a day, for 10 days. In a study 17 with 1,728 patients submitted to a primary joint replacement, dabigatran use caused a 20% increase in wound bleeding compared to a 5% increase with a multimodal regimen consisting of LMWH during hospitalization and aspirin for an extended period of time (p < 0.001). The rate of thromboembolism for the dabigatran group was of 1.3% compared to 0.3% for the multimodal thromboprophylaxis group (p ¼ 0.047).
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Three clinical trials, namely RE-Novate, RE-Model and REMobilize, evaluated dabigatran use in both the European (40 mg/day) and American (30 mg every 12 hours) regimens in cases of major hip and knee surgeries, and their results were not inferior to those obtained with enoxaparin for DVT prevention.
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Apixaban is a factor Xa inhibitor. The suggested dose is 2.5 mg twice a day, starting 12 to 24 hours after surgery and continuing for 12 days (AE2) after TKA and 35 days (AE3) after total hip arthroplasty. Raskob et al 19 performed a combined analysis of two previously reported randomized, double-blinded studies that enrolled 8,464 patients and compared 2.5 mg of apixaban twice a day to 40 mg of enoxaparin once a day. Major venous thromboembolism occurred in 0.7% and 1.5% of the patients treated with apixaban and enoxaparin respectively (risk difference: apixaban minus enoxaparin ¼ -0.8%; p ¼ 0.001 for superiority). Major bleeding occurred in 0.7% and 0.8% of the patients treated with apixaban and enoxaparin respectively (risk difference: -0.02%). Major bleeding and non-major, clinically relevant bleeding occurred in 14.4% of the patients treated with apixaban, and in 4.9% of the patients treated with enoxaparin (risk difference: -0.6%). They concluded that apixaban is more efficient than enoxaparin, with no increased bleeding.
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A systemic, meta-analysis review and indirect treatment comparison confronted rivaroxaban, apixaban and dabigatran versus enoxaparin for DVT prophylaxis after total hip or knee arthroplasty. The relative risks and their respective 95% confidence intervals were calculated for each study individually and combined, in each anticoagulant agent. The authors reported that the relative risk of clinically relevant bleeding was higher with rivaroxaban, similar with dabigatran, and lower with apixaban. Compared to enoxaparin, the risk of symptomatic venous thromboembolism was lower with rivaroxaban and similar with dabigatran and apixaban.
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On the other hand, Revankar et al 21 , in an economical evaluation of the use of apixaban, showed that this drug is a beneficial option for postsurgical DVT prevention compared to enoxaparin.
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Edoxaban is an oral, direct factor Xa inhibitor. The STAR E-3 study 22 compared 30 mg of edoxaban once a day, starting 6 to 24 hours after surgery, to subcutaneous 20 mg of enoxaparin, twice a day, starting 24 to 36 hours after surgery for 11 to 14 days after TKA in patients from Japan and Taiwan. Symptomatic pulmonary embolism and DVT or asymptomatic DVT occurred in 7.4% of the patients treated with edoxaban, and in 13.9% of those treated with enoxaparin (relative risk reduction: 46.8%), demonstrating the non-inferiority (p < 0.001) and superiority (p ¼ 0.01) of edoxaban compared to enoxaparin. The incidence of all hemorrhagic events (major bleeding, clinically non-relevant major bleeding and minor bleeding) was of 22.3% and 18.9% in the edoxaban and enoxaparin treatment groups respectively (p ¼ 0.265), suggesting that the superior efficacy of edoxaban was not associated to a higher incidence of hemorrhagic event. 22 Betrixaban is an oral direct factor Xa inhibitor. Doses of 15 mg of betrixaban administered twice a day, and 40 mg twice a day, were compared to 30 mg of enoxaparin twice a day at the Expert clinical study. 23 The incidence of DVT with 15 mg of betrixaban twice a day, 40 mg of betrixaban twice a day, and enoxaparin twice a day was of 20%, 15% and 10% respectively. There were no reports of bleeding during treatment with 15 mg of betrixaban twice a day. With 40 mg of betrixaban twice a day, bleeding occurred in 2.4% of the cases. With enoxaparin, there were 4.5% of cases of non-major, clinically relevant bleeding and 2.3% of cases of major clinically relevant bleeding. However, the authors informed that the size of the sample was relatively small; therefore, formal statistical comparisons between groups or doses were not planned.
Parvizi et al, 24 in a retrospective study of 26,415 primary and review arthroplasties performed in their institution between 2000 and 2010, recommended that efforts be made to minimize PE risk during the first two weeks after the procedure, since 81% of the documented cases of symptomatic PE occurred in the first 3 postoperative days, 89% in the first postoperative week, and 94% in the first 2 postoperative weeks.
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There are some risk factors associated with the possibility of developing PE after TKA: the total amount of bleeding during surgery, 25 age ! 70 years, female gender, higher body mass index, 26 delayed postsurgical thromboprophylaxis, 27 and AB blood group.
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In summary, during TKA, the surgeon must be aware of the potential risk of DVT and PE occurrence. Early mobilization and preventive mechanical methods can be used. The risks and benefits of the pharmacological methods must be discussed with the patients. Although the goal is to prevent DVT, it is essential to avoid complications resulting from bleeding.
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